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Figure 1Sierra bighorn at Wheeler Ridg€hoto Credit: Steve Yaege

Executive Summary

This report covers monitoring, management, and conservation activities carried out between May 1, 2016 and April

onxy HAMT 0& GKS [/ FTEAT2NYAL

5SLI NI YSyi

2F CAaK YR

2 At R

The 201617 year was the seconslettest year on record for the central Sierra Nevada, which received 73 inches of
precipitation (>600 inches of snow in some locations). Although the precipitation was a welcome relief from four
years of drought, the impact on Sierra Nevada bighorn sli@gjs canadensgerrae hereafter bighorn) was severe.

Multiple lines of evidence support our estimate that more than 100 females died this winter, or roughly 30% of the
known population of femaled/hile more severe than recent big winters, the yead counts including recruitment
only indicate a net loss of 56 ewes, a testament to the resilience of Sierra bigtidrough most of these mortalities
were related to big winter conditions (e.g., caused by malnutrition or avalanche), this includes kifldiomost of

which occurred at Langley. Individual collared female mortality varied fr@&®D% between herds during the winter

and annual collared female survival rates varied by herd fror8®8. We also documented 9 uncollared and 48

collared ram mordlities that included 8 of the 9 rams translocated during the fall. This is the greatest loss of
individuals, as well as the greatest rangile proportional loss, the Sierra Nevada Bighorn Sheep Recovery Program

(hereafter Recovery Program) has documenied single year. Encouragingly, Sierra bighorn are still distributed

across 14 herds, but some herds (Laurel and Convict) are small (<7 females) and may require augmentation to persist.
Overall, these losses will extend the timeline for achieving dotimdigoals.

Although we cannot predict or reduce the severity of a given winter, we implemented measures to lessen the impact
of those events on bighorn in the future. To promote recovery, we have applied the conservation principles of
representation, redndancy, and resiliency. In practice, the increased distribution (representation), diversity of

occupied habitats (representation), increased connectivity among herds (resiliency), and number of herds
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(redundancy) reduces the likelihood of extinction ofr&iebighorn. Climatic threats such as drought and severe
winters are mitigated by ensuring that a diverse metapopulation exists (resiliency). Through translocations, Sierra
bighorn now occupy alpine habitats that provide some of the most nutritious sumamgre but where winters can

be severe (representation). In a changing climate, these herds may experience buffering due to warming. Additional
winter risk may be compensated for since individuals that winter in the alpine are far less vulnerable togredati

by mountain lions (resiliency).

Through the efforts o& coalition of stakeholdershe threat of disease from domestic sheep in Mono County was
reducal. Previous risk assessment models identified two parcels in Mono County as high risk for contaetnbetw
domestic sheep and bighorn, and in January, Mono County supervisors voted to stop domestic sheep grazing on
these two parcels. In addition, the Recovery Program removed two mountain lions from Langley in response to 18
known lion Kills in that area.

Introduction

Conservation of endangered species should include consideration of the potential for catastrophic events to reduce
population sizes. Severe weather, predation, and disease are threats that have the potential to cause significant
mortality. Popudtion level effects of catastrophes may be mitigated by using a recovery framework that includes
the principles of representation, resiliency, and redundaiolf et al. 2015)Recent progress towards meeting
recovery goals for Sierra bighorn has expanttesr distribution across a diversity of historic habitats, increased the
numberand size of herds, and increased connectivity among herds. Habitat conservation, translocations, predator
management, and disease management have all been implemented anttibete towards reducing the
vulnerability of Sierra bighorn to periodic catastrophes and ultimately extinction.

We monitor population sizes, demographic rates, and habitat use to inform management decisions o
translocations, augmentations, disease reid predator management. In addition, we work to reduce the potential

for disease transmission from domestic sheapd we promote bighorn recovery through public outreach. For

brevity, we refer to herds and herd units using singgscriptivekeywords sO K a W h thd OfadcKa P@ak F 2 NJ
KSNR dzyAGT S NBFSNI G2 {ASNNI} DbS@FIRIF 60A3IK2NYy &aKSSLI I a
1, 2016to April 30, 2017.

Big Winter

The central Sierra Nevada had the second wettest water yeae@ord with 72.7 inches of precipitatidirigure2).
This is in sharp contrast to four previous years of drought. The timing of storms this winter was siriflaerto
winters, with the first significant storm (>fbot of snow in 24 hours) occurring in rizecember, followed by a series
of storms in January and February, and one last significant storm in April (B)gure
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Figure 3. Storm timin@nd snow depth at Rock Creekeather station in the Sierra Nevada during the 20467 winter.

Severe winters cause bighorn mortalitpfin avalanche and malnutritiorseveralweather stations near or within
Sierra bighorn habitat reported more than 10 feet of snow on the ground in April 2017, in contrast to the drought
years of 201316, which had <Beet and sometimes <fbot of snow(Figue 4). Since the recovery program began in
2000, there have beethree years with April snow depth >¥@et (2017, 2011 and 2006, location variable), and all
haveresulted insubstantiabighorn mortality If the last 67 years are an indicator of futuram@te conditions, heavy
snowfall winterswill continue sporadically. Bighorn recovery requires herds that are able to persist through these
conditions.
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Figure 4. April snow depth (in) since 1950 at 5 high elevation sites in the Sierra Nevada. Mono Pass weather stationfitheu®ock Creek
drainage. Data comped from California Data Exchange Center, Department of Water Resources (https://cdec.water.ca.gov/).

Population Impacts from the Big Wintand Cause Specific Mortality

We estimateroughly100 female died in the big winter of 20167 (based on preand postwinter minimumcounts
Tablel). The proportion of collared females known to have died varied greatlyng herdsfrom 80% in Convict to

0% in OlanchéFigureb). Laurel and Convict are partlady concerning because the high levels of luesge reduced
these already small herds teery low numbers (N=2 and N=6, respectively). Augmentation may be necessary to
maintain these herds.

Olanchawas least impacted by the big wintanost likely becaseit has abundant low elevation winter rangand

it is both the southernmostherd and the herd withthe lowest overall elevatiorin addition,both Baxter and Gibbs
had lowlevels of winter mortality. The low mortality at Baxter may be explained gitsal location andextersive
low elevation winter rangenl contrast, Gibbg a northern herd thatloes not have any low elevation winter range
(Figureb), but excellent summer range allowing for significant fat reser@ibbs bighorn winter in the alpé,
typically above 11,00@t. At Langley, the majority ofollared femalemortality (N=9/14, 64%) was caused by
mountain lion predatioron animals wintering on low elevation winter range

We used two methods to estimate total female mortality (TabjeBased on the percentage of collared females in
each herd and the known collared female mortality, we estimated that 107 females died during this time period
(Tablel). Using minimum counts before and after the big winter, we estimate that 104 females\dedhe winter
(Tablel). Although both methods have some uncertainty, their similarity supports an estimate of roughly 100 female
mortalities, or 30%based onthe 2015 yearend estimates and assumirag50% sex ratio of lamb&reene et al.
2016)
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Figure5. Herd units occupied by Sierra bighorn sheep as of April 30, 2017. Alsorsisotlie proportion of

collared female mortality experienced in eadferd.
In total, we documented 74 ewe mortalitiecluding 68 collared and 6 uncollared animals this year. Uncollared
mortalities are found while in the field for other reasossich as when investigatimpllared mountain bn clusters
or other bighorn mortalities (e.g., avalanches, which may involve a group of bighomgspite having an
unprecedented amount of mortality this year, we were able to identify the cause of ddatiore than half othe
collared female mortaligs (Figure6a). This involved an incredible effort from field staff, particularly since the
majority of mortality occurred in winter (Figugb) and across all herds except Bubbs (Figade In addition, we
documented 57 ram mortalities, including 48 eodld and 9 uncollared individuals. Collared rams died from
unknown cause N=25), avalancheN=9), malnutrition N=7), lion predation l=5), rock fall(N=1), and bobcat
predation (N=1). Fnally, there werel0 mortalities of unknown sex, 6 from mountain ligmedation and 4 from
unknown cause. In general, our cause specific mortality data is likely biased to include more lower elevation
predation events as thetend to beeasier to access and investigate.
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Table 1. Estimates ofemale Sierrabighorn mortality in the winter of 201617. Includes all female mortalities from November 1, 2048pril 30, 2017 We estimated the total female mortality from collar ratios
by herd with the equation: [% collared female mortality] ffemale MC prewinter] summed across érds. We estimated total female mortality from MC with the equation: [female MC paesinter] - ([female MC
pre-winter] +0.5* [lambs MC prewinter]), where MC is minimum count.

# coIIare_d Female Est % # collared | % collared Est Total Projected FemaleMC Est Total
females in LambsMC Season female adult and Season female
Herd MC pre : females female female . ) post- .
November winter pre-winter Year collared mortalit mortalit mortality from yearling winter Year mortality
2016 Y y collar ratios females from MC
summer summer
Olancha 9 18 6 2016 0.50 0 0.00 0 21 22 2017 -1
summer summer
Laurel 7 8 3 2016 0.88 4 0.57 5 10 2 2017 8
. summer summer
Big Arroyo 8 10 5 2016 0.80 4 0.50 5 13 9 2017 4
summer summer
Langley 21 49 16 2016 0.43 11 0.52 26 57 25 2017 32
- summer winter
Williamson 4 13 4 2016 0.31 0 0.00 0 15 17 2017 -2
spring spring
Baxtew 19 41 20 2016 0.46 1 0.05 2 51 48 2017 3
. summer summer
Sawmill 17 42 16 2016 0.40 5 0.29 12 50 45 2017 5
Bubbg summer summer
(2013) 3 12 9 2013 0.25 0 0.00 0 12 12 2017 0
Taboosé& summer summer
(2014) 2 3 0 2014 0.67 1 0.50 2 3 1 2017 2
spring spring
Wheeler 18 58 17 2016 0.31 7 0.39 23 67 49 2017 18
. summer summer
Convict 11 18 8 2016 0.61 8 0.73 13 22 6 2017 16
summer summer
Cathedral 10 12 0 2016 0.83 6 0.60 7 12 6 2017 6
. summer summer
Gibbs 13 27 11 2016 0.48 3 0.23 6 33 25 2017 8
summer summer
Warren 2 10 5 2016 0.20 1 0.50 5 13 6 2017 7
Totals 143 321 120 7 51 5 107 377 273 104

WMC (minimum counts) conductetlringthe winter of 201617

* MC conducted in earlier year, designated by parenthesis
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Figure 6. Collared female Sierra bighorn mortality By. causeof death, B).season and C).herd, ascompared forthe last 14 years.
The numbers of collared females generally increased with time, as did the distribution of collars across herds. This daeduue
censored animals, because their cause and date of death are unknown.
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During 20052016 we documented 152 collared femal
mortalities Nearly half (49%; 74/152) of dee mortalities
occurred during the two years with noticeably larger snowf:
(2010 and 2016).Most mortalities from malnutrition or
avalanche occurred duringhose big winter years (N=23),
compared with average or droughtears (N=1; Figurg@). A
female is 24 times more likely to die from malnutrition c
avalanche during a big winter (95% C.1-Br%). However, it is
important to consider that the cause of deattvas not
determined for 42% of collared female mortalities (632).
We are less able to determine the cause of death when t
carcass cannot be accessptomptly. Because malnutrition
and avalanche deaths often occur at higher elevations anc
areas that are more difficult to access, particularly in winter,
is ikely that malnutrition and avalanche deaths may be the tr
cause of death for a larger proportion of unknowause
mortalities than knowrcause mortalities.
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. . . Figure 7.CollaredSierra bighornfemale mortality from
As of April 30, 2017, Sierra bighorn occupy 14 herds, from Nt mainutrition and avalanchebetween 20052016. Big

to south: WarrenGibbs, Cathedral, Convict, Wheeler, Taboos winters include 201611 and 2016L7. Nearly all
Sawmill, Baxter, Bubbs, Williamson, Big Arroyo, Laurel, Lan¢ Mainutrition and avalanche deaths occur during thest
and OlanchgFigure 9. Thismeets thedownlisting criteriafor two big winters.

distribution, althoughnumeric goals have not yet been achieved

(Figure 8)

Recovery Unit Goals for Downlisting Figure 8. Adult and yearling
female Sierra bighorn in each
recovery unit relative to
downlisting recovery goals.
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Pgoulation Dynamics: Population Size

When bighorn were listed as an endangered species in 1999, the entire-wadgeopulation was estimated to be
95-129 adults including at least 49 adult femaf{#¢ehausen 1999)n 2016, we estimated a total population size of
675, whichincluded 317 yearling and adult ewes, 12@rlhs, and an estimate of 238 rams based on a ram:ewe ratio
of 3:4(Figure 9)
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Total Females Figure 9.Rangewide total female population
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Because most herds are counted in the sumnesicépt forBaxter and Wheeler), thigopulation estimatedoes not

include the impacts of the big winter (see Population Impdam the Big Winter)We estimate female numbers

using a combination of reconstructed minimum counts and MRésight estimates with a CV < 0.15. The most
O02YY2y 46l & YAYAYdzy O2dzyiGa | NB aNBO2y Al NdalvabbtRdt seand (2
during the surveyWe use a ram:ewe ratio instead thfe minimum count of ramsN=220) because our survey and
collaring efforts are directed toward females. Although we have observed a ram:ewe ratio as high as 1 in some herds,
in general we obsee a higher ram mortality rate and therefore use 0.75 as a more conservative and realistic

estimate of ram numbers.

Although some changes in population estimates, particularly within a few years, may be driven by the completeness
of minimum counts or aceacy of Mark-Resightestimates, the overall trends likely repesg true population
trajectories and align with our colldrased vital ratesThelargest three herds, Wheeler, Baxter, and Langley, each
contain just under 50 females (Figut®). At the time of these surveys, we werabove the numeric goals for
downlisting in the central and southern recovery units and nearing the goal of 50 females in the northern recovery
unit (N=49; Figur8). We are still short 33 females in the Kern recovery unit.

We cagegorize bighorn populations in terms of various management objectir@sulations we consider to be large
enough to serve as a source for translocation stock (ewe population > 40) are called sourc@Jis#rdsS, 2007)
Bighorn are periodically removed frothese herds to augment existing herds or reestablish herds in historical
locations. New herds are those reestablished since 2013.

Pl
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Female Abundance by Herd e Big ArToyo
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Figurel0. Estimated female Sierra bighorn sheep within ealsérd. This does not include the impacts of the big winter for most of th
herds because they were counted in the previous summer. This incluteshighest reconstructed minimum counts as well as Mark
Resight estimates with CV < 0.15usesabundance fom different seasons, depending on the survey success in a given year and sez
Newly reintroduced herds are first counted in the animal year following reintroduction to avoid double counting.

Populaton DynamicsSurvival

Sierra bighorn population trajectories atgpicallydriven by adult female survivdlohnson et al2010) Here we
report KaplanMeier survival rategKaplan and Meier 1958pr herds with at leas8 collars, with an average 10
collars per herd per year for source herds, and an average of 8 collars per herd per year for ne(Figerds 1
and Figurel2). Unlikethe populationestimates(Figures 9 and 10), thesesurvival rates dinclude the impact of the
big winterand collared animal survival through April 30, 2017.

Three ofthe lowest survival ratesve have ever documentedccurred this year at Langley (37%), Cathedral (40%),
and Big Arroyo (50%). Heavy snowpack was directigamsible for the decreased survival at Cathedral and Big
Arroyo, while Langley survival was reduced by predation.
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Figure 11Kaplan Meier Survival rates with 95% confidenecgervals from collared female Sierra bighoffior source herds fron2004
2016, using the sheep year of MayApril 30. Confidence intervals cannot be calculated when there is 100% marked animal survivi
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Figure 12Kaplan Meier Survival rates with 96 confidence intervals from collared female Sierra bighdon 3 newly

established herds fron20132016, using the sheep year of MayAlpril 30. Confidence intervals cannot be calculatec
when there is 100% marked animal survival.

Based on visual assessmesburce herd survival tends toe asynchronous, possibly as a functionttoé variable
nature of predatn on the landscapewith somewhatsynchronous decreases in years with large snovésll
occurred in2010 and 201@Figurell). In fact, the reduction in survival obseniedVheeler and Sawmillas almost
identicalin 2010 and 2016, indicating larger snpack winters tend to reducsurvival in these herds to ~70%.

11
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Despite its proximity and general similarity to Sawmill, at Baxdarvival does not appear to be reduced during
winters with heavy snowfall.

In the newly established herdsnnualsurvival vaied dramatically in response to the big winter. Big Arroyo and
Cathedral experiencetbw survival(50% and 40% respectivelyyhile survival atOlancharemained high (90%)
These divergent survival pattermsay be driven bydifferences in snowfalin the occupied winter ranges.ow
elevation winter range at Big Arrowtill had significant snow covieand all Cathedral animaéxcept 1 femalstayed

high throughout the wintetin windswept areas surrounded by snoim contrast, due to its southern locatioma
lower elevation overall, as well aslear and easy connection to very low elevation winter range with sparse snow,
animalsin Olancha did no¢xperiencea heavysnowpack and could move down from the snow as needed.

Low numbers of collad females insome herds in some years, particularly during the earlier years, results in larger
confidence intervalsAdditionally, sme of the variation in collared female survival is driven by the discrete nature
of small numbers which can lead to large, but not resegily meaningful, increases or decreases to the percent
changeHowever, this problem is less prevalent in later years, when we tended to have a higher number of collared
females.Overtime, we have alsdistributed collarsacrosamore herds (as reintragtctions and natural colonization
events occurred). e inconsistency of collar numbers and distributiorinigortant to consider when looking at
cause specific mortality for the last 14 years (Figi#€).

Reproduction andRecruitment

We estimatefecundty, or annual reproductive success, from the ratio of lambs to evwtsre we reportthe
observed lamb:ewe ratio for all annually monitored herds (T&)ld=or herds in which we have a near census on
the population we also calculate the lamb:ewe ratio @hd lamb survival from minimum counts direc{lyable3).
Averaged across herds, observed lamb:ewe ratios were similar in 2015 (47%) and 2016 (492h;Oiadigy spring
captures, pregnancy ratesveragel 85% in adult females (N=12@hile observed lamtewe ratioswere much lower
(range20-67%; Table2). Some of this difference may be explained by lower pregnancy rates observed in yearlings
(55%, N=9) which arcounted as adults due to the timing of lamb:ewe coudlisernately the differenceould be
explained byundetectedlosseghat occurredin utero orasneonatalmortalities(Gilbert et al. 2014)

Table 2. Estimated Sierrbighorn lamb survival based on observed juvenile age class ratios in animals/2@t5 and 2016. Lamb survival
capped at 100%. For herds countedvinter 2017(Baxter ard Wheeler V), survival is fromwinter 2016 towinter 2017, or from 9 to 21 months
of age. For herds counted in summ2016 survival is from summer 201&summer 2016, or from 3 to 15 months of age. Due to survey timing,
the impact of the winter of 201617 is shown here for Baxter and Wheeler but not the other herds.

2016 Lamb:Ewe 2015 Lamb:Ewe 2016 Yearling:Ewe
Herd Date N % Date N % N % Lagstiifn‘;?g"a'
Olancha 9/27-28 6:12 | 50% 8/24 4:9 44% 7:12 58% 100%
Big Arroyo 6/8-8/18 5:8 63% 5/12-13 2:5 40% 4:8 50% 100%
Langley 9/5-9/8 16:40 | 40% 9/1-3 20:26 | 77% | 12:40 30% 39%
Baxtel 1/17/17 20:37 | 54% 3/9/16 15:26 | 58% | 12:37 32% 56%
Sawmill 9/13-15 16:30 | 53% 3/10/16 7:33 | 21% 9:31 29% 100%
Wheele® 2/14 17:41 | 41% 2/9-10/16 19:46 | 41% 5:41 12% 30%
Corvict 7/13/16 8:12 | 67% | 9/16-23/15 8:11 | 73% 7:12 58% 80%
Cathedral 7/12/16 2:10 | 20% | 7/15-16/16 2:9 22% 2:10 20% 90%
Gibbs 7-8/2016 11:22 | 50% 7/1/15 10:18 | 56% | 10:22 45% 82%
Warren 8/24-26/16 5:9 56% | 6/30-7/1/15 4:10 | 40% 3:9 33% 83%
Totals 49% 47% 37% 76%
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Table 3. Estimated Sierra bighorn lamb survival based on minimum counts of lambs in 2015 and yearlings in 2016 for sdkeit twich
population data is near census. Lamb survival is from 3 taridnths of age.

Herd 201f(riolr_:n’\;|t§Ne ZI?;nSwlfsl 32;2"%”5 Estimated Lamb Survival
Olancha 6:14 43% 7 7 100%
Big Arroyo 5:9 56% 4 4 100%
Convict 8:13 62% 8 7 88%
Cathedral 0:10 NA 2 2 100%
Gibbs 11:22 50% 10 10 100%
Warren 5:9 56% 4 3 75%
Average 53% 94%

In addition to feaindity, we also estimate lamb survival basaathe ratio of observed age classes acrassears
([2016 Yearling:Ewe]/[2015 Lamb:Ewe]; TaBlas well as based on minimum counts for herds with reeasus
minimum counts (Tablg). BecausdBaxter and Wheek are counted in the winter, we estimatamb survival is from
9to 21 monthsof age which includeshe winter of 201617. All other herdsare counted in summerin which lamb
survival is estimated fror8 to 15 monthsof ageand does not include winter@6-17. Thisexplairs the low lamb
survival inBaxter and Wheeler (56% and 30% respectively) compared to most other herd9q8&) with the

exception of Langley (39%d)able 2)

In order to better understand why lamb:ewe ratios are lower than pregnaatssrwe started a two-yearlambing
study. Vaghal mplanttransmitters (VITs) were placedlfipregnant ewes in March 201énd these ewes and their
lambs were tracked through birth and for several months after birth (Tdpléfter removingl female wto was
killed by a mountain lion before giving birth, the lamb:ewe ratio of the study animals was 5:9, or 55%, similar to
lamb:ewe ratios observed during surveysbles 2 and3). Of the4 females that were never seen with viable lambs,
1 stillbirth wasrecovered,andthe 3 others remaina mystery Despite being investigated within 48 hours of the VIT
dropping, no lambs were observeWe were unable to differentiate betweedpossible outcomes: dambs were
born viable and depredatedb) lambs werdorn nonviable and depredatewr c)the pregnancy was terminated in

a manner that did not involve dropping the YHowever the third option does not seem likely becaukedsites
with blood and mucous were discovered2of the 3 sites In addition VITs droppd prematurely ir2 of the 9 cases
lambing sites weréater determined by clustered femalecations.
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Table 4. Results from Sierra bighorn lamb project that trackgtipregnant females with vaginal implant transmitters (VITahd their lambs.
VITs wereplaced inMarch 2016.

hypothermia with unidentified lamb.

Herd ID VIT Drop Outcome for Mother Lamb ID Lamb Status
VIT site had bed with blood and mucous,
Langley | S177 | 4/20/2016 | no lamb seen 4/12 or 9/7. Died 1/14/17 NA NA
from lion predation.
S425 | 5/12/2016 | -2Mb presentand captured.dbi 2/19/17 | g o) | b 11/6/16, unknown cause
from unknown cause, not predation.
VIT site had bed but no blood or mucous
2y | ezl Unknown lamb status 6/21no lamb 9/7. e s
No birth-site foundat VIT location
Wheeler | S240 | 6/9/2016 | Clustereds/25, recovered female stillborn| no ID Stillborn
lamb. Died 5/24/17 from fall.
sa17 | 5/16/2016 Lamb present, not accessible. Seen with no ID Presumed alive
lamb 6/1416.
VIT site had blood and mucous, no lamb
S419 | 4/17/2016 | seen. Repeatedly observed throutite NA NA
summer, never with lamb.
S420 NA Dleq 5/25/16 from lion predation, fetus NA NA
partially consumed.
Convict | S222 | 5i22/2016 | L2MP presentand captured. Died 1/26/1] /a5 | pieq 1/25/17, unknown cause
from avalanche.
S423 | 5/24/2016 | amb present acaptured. Died 1/27/17 | ¢/56 | piad 14717, malnutrition
from unknowncause
VIT site had no bed. Clustered 4/25,
S424 | 4/7/2016 | observed with lamb. Died 1/24/1af no ID Probably died 124/17 withmother

Population Monitoring:

Each year we perform ground surveys to estimate the female population size of various herds. Although we also

Herd Unit Surveys

count rams, our focus is on females because they drive population trajecfddbason et al. 2010We try to survey
soure herds(>40 individualsand newly reintroduced herdsnnually. Smaller herds are surveyed as conditions and

resources allow. Here we report the survey results for this year, but also include the most recent surveys for herds

that we did not survey thisear (e.g. Bubbs 2013; Talg Most of the surveys summarized here were conducted
in the summer of 2016 before the big winter. Detailed survey summaries are reported in Appendix A.
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Sierra Bighorn Annual Report 2018

to April 30, 2017. MHEst is for female yearlings and adults combined. Lambs are not identified by sex

Herd Ewes Lambs Rams Total
Adult | Yring | Total MR Est Adult | Yring | Total

Olancha 14 4 18 - 6 3 9 33
Laurel 6 1 7 - 3 1 3 4 14
Big Arroyo 9 1 10 - 5 4 3 7 22
Langley 43 6+ 49 47 (3%73) 16 16 7+ 23 90+
Williamson (rams 2014)( 10 1 11 - 4 8 2 10 25
BaxtelV 42 6 48 - 20 34 6 40 108
Sawmilf 35 7 42 - 16 16 6 22 80
Bubbs (2013) 12 1 14* - 9 5 1 6 27
Taboose (2014) 2 1 3 - 0 15 2 17 20
WheeleV 45 3 48 70 (43114) 17 36 3 39 104
Convict 13 5 18 - 8 12 2 14 40
Cathedral 10 2 12 - 0 1 0 0 12
Gibbs 22 5 27 - 11 14 5 19 57
Warren 9 1 10 - 5 8 2 10 25
Totals 272 38 317 323 120 176 38 220 567

Most surveys conducted in summéf;= winter surveys¢ = data combined from winter and summer surveys. + coui
includesl yearling of unclassified sego the overall count i$ higher than the sum of adults and yearlings. * count
includesl female of unclassified agso the overall count i higher than the sum of adults and yearlings.

28 dza8 wadaNwpsSeq iz

NEFSNI G2

aeadsSvyl i xweithisagivendgrd. i 2
Surveys result in a minimum count oMark-Resight (MR) estimate. Minimum counts make use of telemetry and
satellite collar locations. In addition, minimum counts may be augmented or reconstructed based on additional
observations and collared animals not seen. MR population estimates are ddroradthe ratio of marked to
unmarked individuals and are developed from observations in which telemetry was not used. In addition to surveys,
we also make opportunistic observations. A collared animal is censoredtafbeyears without visual oradio
telemetry observation; censor date @ne month after the last observation. Censoring and additional observations
can cause¢he population estimates to changdightly from when they are initially reportethereforethere may be
discrepancies between pastiaual reports) Reported minimum counts arthe highest count for the given age class

and sexafter accounting for andombining different survey efforts and opportunistic observations.
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Table 6. Sierra bighorn sheep estimates as of April 30, 2017 a#iecounting for known mortalities and translocations. This is likely an
overestimate of the population because known mortalities are often collared animals, and collared animals represent ontpargion of the
total population. It particularly overestim#es lamb survival, as very few lambs are collared.

Herd Ewes Lambs Rams Total
Adult Yring Total Adult Yring Total

Olancha 14 4 18 6 5 3 8 32
Laurel 2 1 3 1 3 4 10
Big Arroyo 5 1 6 5 1 3 4 15
Langley 29 5 34 9 14 5 19 61**
Williamson(rams 20%4) 10 1 11 4 8 2 10 25
BaxtelV 41 6 47 20 33 6 39 106
Sawmilf 30 7 37 16 8 6 14 B5***
Bubbs (2013) 10 1 12* 9 1 6 27
Taboose (2014) 1 0 1 3 0 3 4
WheeleV 41 3 44 16 36 3 39 99
Convict 5 5 10 6 9 2 11 27
Cathedral 4 2 6 0 0 6
Gibbs 19 5 24 11 11 5 16 51
Warren 8 1 9 5 5 2 7 21
Totals 219 47 262 110 139 41 180 549

Most surveys conducted in summer; W = winter surveys; C = data combined from winter and summer surveys. + count i
one yearling of unclassified sex so the overall tasione higher than the sum of adults and yearlings. * count inclademale
of unclassifiechge,so the overall count i$ higher than the sum of adults and yearlings. ** overall count reducetl ligcause
there wasl yearling mortality of unknown sex** overall count reducel by 2 because there were 2 uncollared adult nadittes
of unknown sex

Survey timing varies between herds. The best survey results for Baxter and Wheeler usually occur i@0annter
Apr), when animals tend to congregate ater elevations. Most other herds are surveyed in the sum(dane

Sept) although big snow winters can provide unique winter survey opportunities. Because surveys occur at different
times of year for different herds, our best estimates for each herd €Maptio not represent a single snapshot in
time. Therefore, we also tabulate all known animals at the end of the reporting period, including all translocations
and known mortalities for that period (Tab®. For smaller herds that are not monitored anniya(e.g. Taboose,
Bubbs, Williamson), we use a static estimate basethe most recent count.

Survey success is driven by persistence and luck. Sometimes bighorn congregate in areas where it is easy to count
and identify them, and other times bighorn mbag spooked and scatter, not to be seen again during the survey. It
can take multiple attempts to get a good count of a given herd, and in some years we are unable to get a good count

(detailed summaries of survey attempts in Appendix®gountiscons@8 NBR a3I22R¢ AT |4 fSIa&af

are collaed and if at least 80% of collared females are seen.

We also try to assess which countaybe complete counts, or censuses a given herd. Athe number offemales
increasa above 20 censuses areeks likelybut at low numbers, particularly when there is a high proportion of
collars (e.g. newly translocated herd) census data is common for the first few years. To assess this we look at the
previous year count in addition to all known gains (tranatansor immigratior) and lsses (known mortalities,
translocations oemigration,and censored animals).

16

I.



California Department of Fish and Wildlife

Sierra Bighorn Annual Report 2018

Table7. Comparison of Sierra bighorn minimum counts by herd in 2015 and 2016, iimdwad known gains (translocations in), and losses
(known martalities, translocations outand cenred animals).

2015 (Year End) 2016 (MC)
Known Adult Adult
Adult Yearling Total : Females Females .
Herd Gains- . . Difference Census Assessmen
Females | Females | Females Losses Projected Counted in
for 2016 2016

2 more female
yearlings in 2016

Olancha 13 3 16 0 16 14 -2 than lambs in 2015
count. 2015 not a
census

et 6 0 6 0 6 6 0 2015 and 2016 likely
census

Big Arroyo 8 1 9 0 9 9 0 2015 and 2016 likely
census

Langley 32 4 36 0 (1) 36 43 7 2015 count not a
census

Baxte# 33 7 40 1 39 41 2 2015 count not a
census

Sawmilf 40 4 44 0 44 35 9 2016 probably not a
census

WheeleV 50 5 55 -6 49 45 -4 Difficult to interpret

Convict* 10 1 13 0 13 13 0 2015 and 2016 likely
census

Cathedral 10 0 10 0 10 10 0 2015 and2016 likely
census

Gibbs 19 3 22 0 22 22 0 2015 and 2016 likely
census

Warren 9 2 11 0 11 10 1 2015 and 2016 likely
census

Totals 230 30 262 -7 255 248 -7

* includesl1 female of unknown age.

Capture andCollaring Efforts

Capture provides the ggortunity to determine body condition, pregnancy status, and test for various diseases and
genetic diversity. Collared animals are critical for monitoring habitat use, diseasetaskates and for estimating

herd sizePower analyses indicate that vmeed to maintain radio collars on 35% of the female population in order
to detect a 10% change in survival ogeyears(German 2010)During the survey seaspi5% of femalesvere
collared and 34%had functional GPS collars (Figut8), however this proportion is not evenly distributed across
herds During reintroductions, all animals are initially collaretijle the sourceherds are much closer to the target
mark ratio of 35%Figurel4). Most capture ancollaring efforts focus on females, as they tend to drive population
dynamics. However, males are also collared at lower propor{ir3 6, across 14 herd4d identify habitat use and

the potential for contact with domestic sheep.
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Sierra Bighorn Marks Relative to Population (all herds combined)
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DuringOciober 26¢ November 2, we caught arcollared25 Sierra bighorn acrogsherds (Wheeler, Sawmill, Baxter
and Langley). Captured animals included 11 lambs, 5 adult fenaale® adult malesFive rams were translocated
into Cathedral, and 4 rams were trdosated into Laurel.

DuringMarch 20¢ 24, we caught and collarekB adult femalesand1 female lamb acrosé herds (Wheeler, Sawmill,
Baxter,andLangley). Thirtee animals were pregnant and given VITisere were3 capturerelated mortalities that
occurred after releas@ females alWheeler(S467 and S4§%and1female atLangley(S47Q. S467 died frontrauma
caused by droken pelvis and associated hemorrhagiSdeappearedhealthyin basecampbut seemedto have
trouble moving after her nease S46died approximately a week aftarapture and a necropsyevealed no external
or internal injuries. The timing of her death indicates it was likegpturerelated. At Langley S470showed limited
movement post captureHer dillborn was recovesd April 4 and she died\pril 10,17 days after captureA necropsy
revealedsevere pneumonia igranioventral lung lobes with no evidence of punctufbéebed guessfor cause of
death wasaspiration pneumonia secondary to being captur€apture mortality may have been higher this spring
because animals were in poor conditiafter the big winter.In additionto the 3collared animatapture mortalities

1 uncollaredfemale (M134) was found intact and dead within the regidrcapture at Wheeler and estimated to
have died daysafter capture necropsy and lab results were incorgive.Sinceshewas urmarkedwe haveno way
of knowing if she was in the area during the time of capture and if her cafuseath was captureelated.

All captures were conducted by Leading Edge Aviation using-gumdired from a helicopter. All captured animals
were processed in basecamfranslocated animals were moved by both transport boxes in trucks and by helicopter
to release sitesAll other animals were transported by helicopter to be released near where weg captured.
Mycoplasma ovipneumonia@. ovi) was not detected by PCR, and ELISA results from blood serum iddate
previous exposure t. ovi With the exception of th& capture mortalities described above, all otharimals were
alive2 weeks pat capture based on GPS collar locations and telemetry.

In addition,3 neonatal lambs were caugliy handand collaredas part ofthe lamb survival study. Oklay 13 we
caught the lami{unknown sexpf Langley femal&425in the south fork ¢ Tuttle Geek On May 23 weaught the
male lanb of Convict female S222 on a steep forested siopdcGee Canyagrand on May 25ve caught the female
lamb of Convict female S423 in McGee Canyon.

Translocations

In the fall we translocated 9 rams kaurel and Cathedr&b increase gnetic diversity andhe potential for breeding.
Four rams were moved from Wheeler to Laur@hd 5 rams were moveftom the southern recovery unito
Cathedral (4 from Baxter and 1 from SawnpillFive of these rams were previously uncollared (unknown
heterozygosity),2 had high heterozygosity (both with 0.647 from 17 variable Joand 2 had moderate
heterozygosity (0.529 and 0.588 from 17 variable loci).
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Movement and Habitat Use

Post Translocation Movements of Laurel and Cathedral Rams

Laurel Creek HdrUnit:

Four adult rams (S451, S452, S351, and S352) were translocated from Wheeler to Laurel in October 2016. Two (S451
and S452) were released in the upper north fork of Coyote Creek, and the{8861 and S352) were released at

the south fork of hurel Creek in the Laurel Lakes Basin. In contrast to Cati{edeabelow)there was no difference

in posttranslocation movements associated with these release siié4 rams stayed within a 1km radius of their

Figure 5. Movements of Sierra bighorn ram S204 from its translocation in to Laurel in March 2015, until its death in February 2
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